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Introduction
In the present study, we have evaluated how plasma fibronectin (FN) and tissue FN can affect the clearance from the circulation and organ uptake of antigen or immune complexes (IC) that have the capacity to bind to FN. Phenylated gelatin (DNP-GL) (a FN binding antigen) and IC composed of DNP-GL and monoclonal IgGl anti-dinitrophenol (DNP) antibodies were tested. These probes were compared with DNP-bovine serum albumin (BSA) (a non-FN-binding antigen) and DNP-BSA IC formed with the same anti-DNP antibody used for the preparation of DNP-GL IC. We found evidence that DNP-GL, but not DNP-BSA, formed complexes with soluble FN in vitro and the data strongly suggest that DNP-GL-FN complexes form in vivo. The formation of complexes with plasma FN aided in the clearance of DNP-GL from the circulation, as shown by the facts that DNP-GL was removed from the circulation much faster than DNP-BSA and that complexes of DNP-GL with plasma FN were removed from the circulation faster than uncomplexed DNP-GL. The sites of deposition of DNP-GL were also different from those of DNP-BSA. Thus, DNP-GL demonstrated higher hepatic, splenic, and renal uptake than did DNP-BSA. Renal uptake of DNP-GL was quite high despite the fact that DNP-GL is anionic. Indeed, expressed per gram of tissue, liver and kidney deposition of DNP-GL was not significantly different. By immunofluorescence microscopy, DNP-GL could be demonstrated in hepatic sinusoids and glomerular mesangium. In vitro, DNP-GL bound to FN in the mesangium of frozen sections of kidney tissue. IC formed with DNP-GL or DNP-BSA demonstrated virtually the same size, yet the fate of DNP-GL IC was strikingly different from that of DNP-BSA IC. The removal of DNP-GL IC from the circulation was mediated by the antigen and not by Fc receptors since gelatin (an inhibitor of DNP-GL clearance) but not aggregated IgG (an inhibitor of Fc receptors) inhibited the removal of DNP-GL IC from the circulation. In summary, these studies suggest that the ability of an antigen or IC to bind to FN markedly influences the fate of that antigen or IC. Specifically, binding to FN accelerates clearance from the circulation and favors hepatic and renal (primarily mesangial) uptake of the FN binding antigen of IC. This work was presented in abstract form at the American Federation of Clinical Research, Chicago, IL, on November 1986. Most cases of glomerulonephritis are caused by deposition or formation of immune complexes (IC)' in the glomeruli. However, the factors that determine IC deposition or formation in tissues are only partially understood. IC can be formed in situ in glomerular structures when antigen and antibody deposit sequentially (1) . Also, IC may form in the circulation and subsequently deposit in glomeruli (2, 3) . Regarding this later mechanism, it has been shown that the injection of preformed IC into the circulation of experimental animals results in glomerular deposition of only small amounts of IC. The fact that preformed IC do not deposit readily in normal glomeruli has lead to the suggestion that to deposit large amounts of IC in glomeruli, either the glomerulus must be altered to enhance IC uptake or the IC must have special characteristics that foster deposition in glomeruli. Indeed, certain IC-related factors, such as antigen or IC charge, have been shown to facilitate the binding of cationic antigens or IC to negatively charged glomerular structures (4) . Also, compounds with capacity to bind to glycoproteins bind to glomerular structures after injection into the renal circulation (5) .
In this present study we evaluated the possibility that the capacity of an antigen or an IC to bind the specific glomerular protein fibronectin (FN) may also be an important determinant of glomerular accumulation of these probes. Our interest in FN as a glomerular "acceptor" for antigens and IC is based on several properties of this glycoprotein and on the knowledge that several antigens that participate in human glomerulonephritis have the capacity to bind to FN in vitro. Those antigens include DNA (6) and antigens derived from bacteria such as Staphylococcus aureus, Streptococcus viridans, and group A streptococcus (7, 8) , bacteria known to be associated with IC mediated glomerulonephritis. Furthermore, it has been demonstrated that, in vitro, DNA binds to glomerular basement membranes (9) , and that the binding is mediated by FN (10) .
FN is a large glycoprotein normally present in plasma and tissues. In the kidney, FN is mainly present in the glomerular mesangium and in subendothelial spaces (1 1). Thus, glomerular FN may serve as a glomerular acceptor for FN binding antigens and IC. Also, several lines of evidence suggest that plasma FN may have an important role by participating in the removal of FN binding compounds from the circulation. For example, specific membrane receptors for FN have been demonstrated in cells of the mononuclear phagocytic system (MPS) (12, 13). MPS cells exposed to FN demonstrate an enhanced capacity to bind and internalize particles via Fc and complement receptors (14, 15) . EN also appears to serve as a recognition molecule for compounds that by themselves are not recognized by MPS cells. For example, in vitro, FN permits the uptake of gelatin (GL)-coated particles by macrophages (16), and in vivo FN is an opsonin for fibrinogen-degradation products (17) and for collagen-degradation products released into the circulation during major body burns (18) .
In this study, we evaluated the role ofplasma and tissue FN in the removal from the circulation and tissue uptake of an antigen and of an IC with FN binding capacity. The model chosen for study utilizes GL as the antigen since the binding of GL to FN (19) and the effects of FN on the uptake of GL by macrophages have been well characterized (16).
Methods
Preparation and characterization of antigens and IC. The antigens used throughout the present study included GL (Sigma Chemical Co., St. Louis, MO), phenylated GL (DNP-GL), and phenylated bovine serum albumin (DNP-BSA) (Sigma Chemical Co.). GL and bovine serum albumin (BSA) were phenylated and the ratio of dinitrophenol (DNP) to protein was calculated as described (20) . The preparations of DNP-GL and DNP-BSA used throughout these studies had an average phenylation ratio of 10 DNP groups per GL molecule and 9 DNP groups per BSA molecule. DNP-BSA and DNP-GL were radiolabeled with 25I by the chloramine T method.
IgGl monoclonal anti-DNP antibodies were prepared and characterized in our laboratory by methods described previously (20) . Antibodies were purified by caprylic acid-ammonium sulfate precipitation (21). Anti-DNP antibodies were radiolabeled by the chloramine T method. For the production of IC, DNP-GL or DNP-BSA were incubated with variable concentrations of IgGl anti-DNP antibodies at 370C for 60 min and 4VC overnight. Before use, IC preparations were centrifuged at 1,000 gfor 10 min to remove precipitable IC. The size of DNP-BSA, DNP-GL and soluble IC were calculated by centrifugation on isokinetic sucrose gradients (22) . The isoelectric point of DNP-GL was calculated by chromatofocusing (20) .
In vitro binding ofantigens and IC to FN. Human and rat FN were purified by affinity chromatography on Sepharose 4B GL columns and characterized as described previously (15) . To test the capacity ofantigens and soluble IC to bind to soluble FN, radiolabeled DNP-GL, DNP-BSA, or IC were incubated at 37°C for 15-60 min with purified preparations of FN or citrated plasma. At the end of the incubation, the mixtures were fractionated by centrifugation in isokinetic sucrose gradients. 26 fractions were collected from the bottom of the gradient and counted for radioactivity in a gamma scintillation counter (Packard Instrument Co., Inc., Downers Grove, IL).
In vivo experiments. Sprague-Dawley rats (150-200 g) were used.
The animals were anesthetized with ether. The probe to be tested was injected intravenous via the tail vein. To calculate the amount of radioactivity injected, the syringes containing the sample to be injected were counted for radioactivity before and after the injection had been completed. The difference was taken as the amount injected (injected dose [ID]). In most experiments 106 cpm were injected per animal.
This amount of radioactivity corresponded to 50-100 pg of protein.
After the injection was completed, serial blood samples were obtained by tail clipping. To calculate the percent of the total 125I that represented protein bound radioactivity, blood samples from rats injected with GL or DNP-GL were incubated with saturated ammonium sulfate (85% final concentration) at 4°C overnight and centrifuged at 2,500 g for 15 min. Blood samples from rats injected with DNP-BSA were mixed with 10% TCA and then processed as above. The total radioactivity and the radioactivity in the precipitate were counted and results were expressed as percent precipitable (protein bound) '25I. Based on the ID, the radioactivity in the blood was expressed as percent of ID per milliliter of blood. In other experiments (clearance experiments), the radioactivity present in the first blood sample obtained (2 min after injection) was considered as 100%, and the rest of the time points were expressed as a percent of that initial point. At different time points after the injection, animals were killed and the major organs were excised, weighed, and counted for radioactivity. More than 75% of the ID could be accounted for by the radioactivity contained in blood, liver, spleen, kidney, and lung. Most experiments were completed by 30 min after the injection and little urine was produced during this time period. However, urine was also counted for radioactivity. To calculate the total amount ofthe probe deposited in a given tissue specimen, the radioactivity passively retained in the vascular space was subtracted from the total radioactivity in the specimen (see later). The radioactivity in organs was then expressed as percent of ID per gram of tissue. In all experiments, the tail of the animal was counted for radioactivity to assess the completeness of the intravenous injection of the probe. Animals demonstrating > 1% of the ID in the tail were excluded from the analysis.
The calculation of radioactivity deposited in a given organ included correction for the probe passively retained in the vascular space. The blood content of the organ was calculated in parallel experiments (No. of experiments [N] = 5) in which rats were injected with '25I rat IgG or with "25I = IgG and equivalent doses of the nonradiolabeled probe being tested. The purpose of these experiments was to assess the effect, if any, of the injected probe on the blood content of the organ studied. We found that the probes used in this study did not affect the blood volume of the organs studied.
To calculate the removal rate of a specific probe from blood over a given period of time, the following formula was used: percent removed = (A -B) X 100/A, where A designates protein-bound blood radioactivity at the first time point (2 min) and B, protein-bound blood radioactivity at the end of the experiment or at a specific time point (usually 30 min) after injection.
To calculate the percent of the probe catabolized over a given period of time, the following formula was used: percent catabolized = (C -D) X 100/C, where Cdesignates percent of the total radioactivity present in blood as protein-bound radioactivity at 2 min (first time point) and D, percent of the total radioactivity present in blood as protein-bound radioactivity at the end of the experiment or a given time (usually 30 min) after injection of the probe.
Liver and kidney were excised at the end of the experiment and examined by light and immunofluorescence (IF) microscopy. For light microscopy, tissues were fixed in 10% formalin and stained by routine hematoxilyn eosin. For IF microscopy, tissues were frozen at -70'C and 4 um cryostat sections of tissue were evaluated for the presence of antigen or antibody. The presence of DNP-GL was demonstrated by indirect IF by incubating the tissue first, with mouse monoclonal anti-DNP antibody and second, with fluorescein isothiocyanate (FITC)-labeled, rat IgG-absorbed goat anti-mouse IgG (Cappel Laboratories, Cochranville, PA). Antibody deposited in tissues was detected by direct IF microscopy by incubating tissues with FITC-labeled goat antimouse IgG. Tissue IF was evaluated semiquantitatively in an epifluorescence microscope (Carl Zeiss, Inc., Thornwood, NY).
In vitro binding ofDNP-GL and DNP-GL IC to kidney. To test the ability of DNP-GL or DNP-GL IC to bind to kidney tissues in vitro, 4 ,m cryostat sections of rat kidney were attached to microscopic slides and fixed with acetone. Subsequently, different concentrations of DNP-GL or DNP-GL IC were added to the tissue and incubated at room temperature for 30 min. After extensive washing, the presence of antigen and antibody was detected by indirect and direct IF as described above. Control tissues were incubated only with primary and secondary antibody.
To test the specificity of the binding of DNP-GL or DNP-GL IC to renal tissues, renal slices were incubated with GL before the addition of DNP-GL or DNP-GL IC. In other experiments, DNP-GL or DNP-GL IC were preincubated with soluble purified FN (370C for 30 min) before incubation with the renal slice. In some experiments, renal specimens were incubated with rabbit anti-FN antibodies (15) before
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Data analysis. Results throughout this manuscript are expressed as means ±SE of the mean. Removal rates and catabolic rates were compared by analysis ofvariance (ANOVA) with Newman-Keuls multiple comparison test. Tissue deposition of the different probes was compared by ANOVA with repeated measures.
Results
In vitro characterization ofDNP-BSA and DNP-GL. The average phenylation ratio ofDNP-GL and DNP-BSA was 10:1 and 9:1, respectively. By chromatofocusing, we demonstrated that DNP-GL is an anionic protein with an isoelectric point of 4.2. The isoelectric point of DNP-BSA was 4.9. In isokinetic sucrose gradients, radiolabeled GL and DNP-GL migrated as a single peak with a sedimentation coefficient of 3.5 S, which in the case of gelatin, a random coil, corresponds to a molecular mass of 80,000 D (23) . Radiolabeled DNP-BSA migrated as a single peak with a sedimentation coefficient of 4.5 S corresponding to a molecular mass of 68,000 D.
To evaluate the binding to FN in vitro, radiolabeled DNP-GL and DNP-BSA were incubated with 100 Al of purified FN (840 ,ug/ml) or with citrated plasma at 370C for 15 min, and the size distribution of the antigen was evaluated in isokinetic sucrose gradients. After incubation with FN or plasma, there was no significant change in the size distribution of DNP-BSA (data not shown). By contrast, there was a significant displacement of DNP-GL incubated with purified FN or plasma ( Fig.  1) . These experiments suggest that DNP-BSA does not interact with FN. By contrast, DNP-GL binds to FN in solution.
In vivo clearance of GL, DNP-GL, and DNP-BSA. Radiolabeled GL and DNP-GL were cleared rapidly from the circulation of rats with < 10% ofthe ID remaining in the circulation 30 min after injection (Fig. 2) . By contrast, radiolabeled DNP-BSA was cleared from the circulation more slowly with > 80% of the ID remaining in the circulation 30 min after injection. The removal rate over 30 min was 96.6±0.42% (N = 6) for DNP-GL and 16±0.57% (N = 4) for DNP-BSA (P < 0.0001). Also, DNP-GL was catabolized significantly faster than DNP- BSA. Thus, the percent catabolized over 30 min was 60±4.3% and 4.3±1.2% for DNP-GL and DNP-BSA, respectively (P < 0.0001).
As described above, DNP-GL binds to plasma FN in vitro. Thus, we next sought to evaluate the binding of DNP-GL to circulating FN in vivo. '25I-DNP-GL was injected into three rats and blood samples collected 5, 10, and 15 min after injection. Citrated plasma was separated by centrifugation and fractionated in isokinetic sucrose gradients ( Fig. 3 ). There was no appreciable binding of '251-DNP-GL to circulating blood cells. 5 min after injection, 69±5% ofthe total 1251I-DNP-GL in plasma demonstrated higher sedimentation than DNP-GL before injection, indicating that in vivo DNP-GL binds to plasma proteins. This value was determined by calculation of the area under the curve with the use of a polar planimeter (Keuffel & Esser Co., Morristown, NJ). The size distribution of DNP-GL after in vivo injection was the same as that demonstrated by DNP-GL-FN complexes formed in vitro (see Fig. 1 ), which suggests that in vivo DNP-GL binds to plasma FN. At 10 and 15 min after injection, 39±5% and 30±6% (N = 3) of the '251I-DNP-GL remained complexed to FN. Compared with the 5-min sample, the 10and 15-min samples showed a significant decrease in the percent ofthe total DNP-GL migrating as complexed DNP-GL (Fig. 3 ). Thus, shortly after injection, DNP-GL binds to plasma FN and DNP-GL-FN complexes appear to be cleared from the circulation faster than free DNP-GL.
To further elucidate the mechanism of clearance of 1251_ DNP-GL from the circulation, increasing doses of nonradiolabeled DNP-GL were injected into rats together with a constant dose of '251-DNP-GL ( Fig. 4 ). Increasing doses of nonradiolabeled DNP-GL caused progressive decreases in the removal rate of radiolabeled DNP-GL from the circulation. Thus, the mean rates (percent per 30 min) were 95.3, 73.5, 32, and 25.5 at doses of nonradiolabeled DNP-GL of0, 1, 5, and 10 mg/kg, respectively. By ANOVA, the removal rates in animals injected with 0 or 5 mg/kg of nonradiolabeled DNP-GL were significantly different (P < 0.0001). Also, the percent of the DNP-GL and that saturation of DNP-GL tissue uptake occurs TIME (MIN) before the binding capacity of plasma FN for DNP-GL is exceeded. re 4. Removal from the circulation of '25I-DNP-GL in animals Tissue uptake of GL, DNP-GL, and DNP-BSA. Table I  * ANOVA with repeated measures a statistically significant effect ofprobe injected vs. tissue deposition was found (overall P ins of 60, 18, 3, and 2%/30 min) as the dose of nonradio-< 0.0001). As can be seen, compared with the tissue uptake of led DNP-GL was increased (0, 1, 5, and 10 mg/kg). Simi-DNP-BSA, both GL and DNP-GL accumulated more in liver, esults were obtained in animals pretreated with nonradio-spleen, and kidney. Per gram of tissue, the hepatic and renal led GL instead of nonradiolabeled DNP-GL. By contrast, uptake of GL and DNP-GL were not different. Thus, the FN our animals pretreated with DNP-BSA (10 mg/kg), no sigbinding antigens GL and DNP-GL are avidly taken up by organs of the MPS, such as the liver and spleen. Also, these antigens are rapidly taken up by the kidney. This is in contrast to DNP-BSA that, as we demonstrated before, has no FN binding properties.
In some experiments, tissue uptake was determined at different times after injection of '251-DNP-GL (Fig. 5 ). As can be seen, liver uptake occurred rapidly and was maximal at the earliest point (5 min). Thereafter, hepatic tissue levels declined. Maximal renal uptake of DNP-GL occurred 30 min after injection and, thereafter, renal tissue levels declined at a rate similar to that ofliver. After 24 h, liver, spleen, and kidney tissue levels were 0.6±0.03, 0.2±0.01, and 1±0.06% ID/g, respectively.
From the experiments described above (Fig. 4) , it was also possible to determine the effect of nonradiolabeled DNP-GL on the tissue uptake of '251-DNP-GL. As can be seen in Table  II , increasing doses of nonradiolabeled DNP-GL caused progressive inhibition of the hepatic and splenic uptake of 125-DNP-GL. By contrast, renal uptake of 1251I-DNP-GL was not significantly inhibited. Indeed, even the lowest dose of nonradiolabeled DNP-GL caused an enhancement in the renal uptake of I251-DNP-GL. Note that the total organ uptake of DNP-GL (labeled and not labeled) reached a maximum of 150 ,g/g of liver and 60 ,gg/g ofspleen in rats injected with 5 mg/kg of DNP-GL. In kidney, tissue uptake was directly proportional to the total dose ofDNP-GL and reached a maximum of 2,560 ,gg/g in rats injected with the highest dose of DNP-GL tested (20 mg/kg). These results suggest that the mechanism of uptake of DNP-GL by MPS organs (liver and spleen) is different from that of kidney. MPS uptake is rapidly saturable, whereas renal uptake of DNP-GL is not saturated by the doses of DNP-GL used in these experiments. Enhanced renal uptake of '25I-DNP-GL by excess nonradiolabeled DNP-GL may be related to increased delivery of the probe to the kidney due to higher blood levels. Also, it can be seen that despite the fact that nonradiolabeled DNP-GL inhibits the catabolism of 12511 DNP-GL (see above), the renal net uptake of radioactivity is not decreased. This indicates that the high level ofrenal uptake of radioactivity cannot be attributed to accumulation of nonprotein-bound 1251 in the kidney.
To study the anatomic localization of DNP-GL in liver and kidney, animals were injected with 5 mg/kg of nonradiolabeled DNP-GL and the tissue localization was evaluated by IF microscopy (Fig. 6 ). Liver localization was evaluated 30 or 60 min after injection and renal localization, in biopsy tissue obtained at 1, 2, 4, 6, 24, and 48 h after injection. 30 and 60 min after injection, there was intense staining of hepatic sinusoids for DNP-GL. In the kidney, DNP-GL localized mainly in the glomerular mesangium, although at early time points (up to 4 h) weak interstitial staining was also apparent. Mesangial staining for DNP-GL was persistent up to 24 h after the injection ofantigen, although the intensity ofthe staining decreased after 6 h of injection. By light microscopy, no significant abnormalities were demonstrated in liver or kidney tissues.
In vitro binding ofDNP-GL to renal tissues. To evaluate the specificity of the binding of DNP-GL to renal tissues, 6 gm cryostat sections of kidney were fixed with acetone, incubated with DNP-GL or DNP-BSA (100 ig/ml), and stained by indirect IF as described in the Methods section. In vitro, DNP-GL bound to kidney slices and the localization of the antigen was the same as that seen after in vivo injection, that is, mainly in the glomerular mesangium ( Fig. 7 A) . Under identical conditions, DNP-BSA did not bind the renal tissues. Preincubation of kidney slices with GL (10 ,gg/ml) inhibited the subsequent binding of DNP-GL to kidney ( Fig. 7 B) , indicating that this binding is specific for GL and is saturable with concentrations of GL higher than those achieved in vivo. In additional experiments we sought to test the hypothesis that the binding of DNP-GL to the glomerular mesangium is mediated by mes- angial EN. In those experiments, DNP-GL was preincubated with purified FN at 370C for 60 min. The mixture was incubated with kidney slices, and after washing, the tissue was stained for DNP-GL ( Fig. 7 C) . Preincubation with FN completely inhibited the binding of DNP-GL to the glomerular mesangium. However, these tissues demonstrated intense staining of all collagenous portions of the kidney, including Bowman's capsule and interstitium. Finally, preincubation of renal sections with rabbit anti-FN antibodies inhibited the binding of DNP-GL to the glomeruli (Fig. 7 D) . Thus, purified FN and anti-FN antibodies inhibit the binding of DNP-GL to the glomerular mesangium, suggesting that DNP-GL binds to glomerular FN. Staining of collagenous structures by DNP-GL-FN complexes is most likely due to binding of the FN portion of these complexes to collagen. Characterization ofDNP-GL IC and DNP-BSA IC. IC were formed with the antigens DNP-BSA and DNP-GL and a ra-diolabeled mouse monoclonal IgGl anti-DNP antibody. The same ratios of antigen to antibody (1:1, wt/wt) were used for both IC preparations. After centrifugation at 1,000 g for 10 min, soluble IC were fractionated in sucrose gradients ( Fig. 8  A) . Both IC demonstrated a peak of radioactivity with a sedimentation coefficient of 8.5-10 S.
To test the ability of those IC preparations to bind to soluble FN, IC were incubated with EDTA anticoagulated plasma or purified FN for 15-60 min at 37°C and the mixture was fractionated in isokinetic sucrose gradients (Fig. 8 B) . There was no change in the size distribution of DNP-BSA IC. By contrast, DNP-GL IC preincubated with FN demonstrated a new subpopulation of IC with a sedimentation coefficient of 16 S. This new subpopulation of heavier DNP-GL IC constituted 52% of the total IC preparation.
Incubation of DNP-GL IC with kidney slices indicated that, compared with DNP-GL alone, IC have a lower capacity to bind to tissue FN. Indeed, incubation of cryostat section of normal rat kidney with DNP-GL IC and subsequent staining for anti-DNP antibody demonstrated only weak (trace to 1+) staining of the glomerular mesangium for anti-DNP antibodies, but stronger (2-3+) staining for DNP-GL.
Clearance and tissue deposition ofDNP-GL IC and DNP-BSA IC. Animals were injected with IC containing 50-100 ,ug of antigen. The removal rate, catabolic rate, and tissue uptake of IC was calculated as described above. Table III demonstrates the removal rate and tissue deposition of radiolabeled anti-DNP antibody alone and of DNP-GL IC and DNP-BSA IC. As can be seen, DNP-GL IC were removed from the circulation at a much faster rate than anti-DNP antibody alone or DNP-BSA IC. By ANOVA, there were significant differences in tissue deposition among groups (overall P < 0.0001). Liver deposition of DNP-GL IC was higher than that of anti-DNP antibody alone or DNP-BSA IC. Renal deposition of DNP-GL IC was higher than the renal deposition of DNP-BSA IC, but lower than the renal deposition of DNP-GL alone (see Table I ).
To further characterize the clearance mechanism of DNP-GL IC, the removal from the circulation ofIC was evaluated in animals pretreated with GL (an inhibitor of the clearance of DNP-GL) or heat aggregated IgG (AIgG) (an inhibitor of Fc receptor-mediated clearance) (Table IV) . GL (10 mg/kg) caused a significant decrease in the removal rate of DNP-GL IC, indicating that the antigen DNP-GL participates in the clearance of DNP-GL IC. Also, GL-pretreated animals demonstrated lower splenic and renal deposition of DNP-GL IC. By contrast, AIgG did not cause a significant decline in the clearance rate of DNP-GL IC, suggesting that hepatic Fc receptors do not play a major role in the removal of these IC from the circulation. Indeed, the hepatic and splenic uptake of DNP-GL IC were enhanced by AIgG pretreatment.
Discussion
In the present study, we have shown that the ability of antigen or IC to bind to FN markedly influences the clearance and tissue deposition of that antigen or IC. Specifically, we have demonstrated that as early as 5 min after injection, DNP-GL binds to plasma proteins. The size similarity between DNP-GL bound to plasma proteins in vivo and DNP-GL bound to purified FN in vitro, strongly suggests that, in vivo, DNP-GL binds to plasma FN. We also demonstrated that complexes of DNP-GL and FN are removed from the circulation faster than uncomplexed DNP-GL.
The liver is the major organ involved in the removal of DNP-GL from the circulation. Hepatic uptake of DNP-GL is specific for GL and is saturable. Based on previous studies, it can be postulated that the uptake of DNP-GL by the liver may be mediated by at least two mechanisms. First, complexes of DNP-GL and FN form in the circulation and bind directly to FN receptors on Kupffer cells (12, 13). Second, DNP-GL binds directly to liver FN (24) . The fact that the liver uptake of DNP-GL is saturable is compatible with a receptor-mediated uptake of the probe. Also compatible with the concept of a direct hepatic macrophage uptake of DNP-GL is the finding that DNP-GL was rapidly catabolized. Nonetheless, the above observations do not rule out the possibility that the initial uptake of DNP-GL by the liver is in part mediated by direct binding of the probe to tissue FN with a secondary transfer to the macrophage. Splenic uptake of DNP-GL, although lower per gram of tissue than hepatic uptake, is also specific for GL and saturable.
The data provided by the present studies taken together with previously reported in vitro data (12, 13, 16) suggest the following hypothesis to explain the fate of a FN binding antigen in the circulation: once a FN binding antigen, such as DNP-GL, enters the circulation, it is rapidly bound by plasma FN. Complexes of DNP-GL and FN bind to specific FN receptors in hepatic Kupffer cells and splenic macrophages, and as a result, DNP-GL is phagocytozed and catabolized. This interpretation of the present findings is consistent with previous findings on the removal from the circulation of fibrogen degradation products (which have the capacity to bind to FN) (17) and with findings in patients with major body burns who demonstrate complexes of FN with degraded collagen in the circulation ( 18) .
The renal uptake of DNP-GL was remarkably high. Indeed, at low doses of injected probe the renal and hepatic uptake of DNP-GL per gram oftissue was similar. However, at higher doses of DNP-GL, renal deposition of DNP-GL increased in direct proportion to the dose, whereas hepatic deposition was saturable. Thus, at higher doses of injected DNP-GL, renal DNP-GL uptake per gram of tissue actually exceeded hepatic uptake. In in vitro studies we demonstrated that DNP-GL binds directly to renal FN and that the binding is saturable, but with concentrations of GL much higher than those achieved in vivo. We believe, based on the present finding, that the high renal uptake of DNP-GL is due to direct interaction of DNP-GL with renal FN. The presence of high concentration of FN in the glomerular mesangium (1 1) can explain the preferential deposition of DNP-GL in that location. The finding that, in vitro, preformed complexes of DNP-GL and FN do not bind to mesangial FN suggests that plasma FN is an inhibitor of kidney deposition of antigens with FN binding capacity since, first, the formation of antigen-FN complexes accelerates the removal of the antigen from the circulation and, second, antigen-FN complexes do not bind to glomerular FN.
The ability of antigen to bind to FN also influenced the clearance and tissue uptake of IC formed with that antigen. This was shown by a comparison between DNP-BSA IC and DNP-GL IC. The following differences were demonstrated: (a) DNP-GL IC bind to FN in vitro whereas DNP-BSA IC do not; (b) DNP-GL IC are removed from the circulation faster than DNP-BSA IC of similar size; (c) hepatic and splenic uptake of DNP-GL IC was higher than that of DNP-BSA IC; and (d) renal uptake of DNP-GL IC was significantly higher than that of DNP-BSA IC. These observations suggested that the removal from the circulation and tissue uptake of DNP-GL IC may be affected by the antigen since we have demonstrated that DNP-GL is cleared from the circulation rapidly. Indeed, GL (a specific inhibitor of DNP-GL clearance) causes a significant inhibition of the removal rate and splenic uptake of DNP-GL IC. Hepatic uptake of DNP-GL IC was lowered, but not significantly, by GL pretreatment. It may be that splenic uptake of DNP-GL IC is more sensitive to GL inhibition than hepatic uptake of that probe. However, it may be also that the lack of significant effect of GL on the hepatic uptake of DNP-GL IC is due to large animal-to-animal variations, especially among animals not pretreated with GL (from 4.4 to 13.2% ID/g). Also, we have shown that AIgG, a known inhibitor ofFc receptor-mediated clearance, has no significant effects on the clearance of DNP-GL IC. Furthermore, AIgG enhanced hepatic and splenic uptake of DNP-GL IC, an effect previously observed with other IC systems (25) . These experiments indicated that Fc receptors have no evident role on the removal of DNP-GL IC from the circulation. The similarities between the present observations and previous studies on the removal from the circulation of DNA IC are striking. Emlen and Mannik (26) have suggested that DNA plays a role on the clearance of DNA IC from the circulation. Also, recent evidence indicates that DNA IC are not removed from the circulation by Fc receptor-mediated mechanisms (27) . Other studies have indicated that certain antigens play a major role on the clearance from the circulation of IC formed with that antigen (28) . Renal uptake of DNP-GL IC was significantly higher than that of DNP-BSA IC or anti-DNP antibody alone. However, the renal uptake ofDNP-GL IC was only a fraction ofthe renal deposition of DNP-GL alone. Consistent with this in vivo observation, in vitro we demonstrated that DNP-GL IC have a much lower affinity for renal tissues than DNP-GL. This observation is in contrast with the binding of DNP-GL IC to soluble FN. Thus, it appears that anti-DNP antibodies inhibit the binding of DNP-GL to tissue FN thus preventing, at least in part, renal deposition of these IC.
A FN-specific mechanism of removal from the circulation and tissue deposition of antigens and IC could have important implications in our understanding of IC-mediated diseases in humans in which FN binding antigens such as DNA and bacterial antigens may be involved.
